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INTRODUCTION 
Food production in Cuba is a strategic priority of the state (PCC, 2016); in 2010, swine production alone 
accounted for 225 000 tons (Sosa et al., 2017). Production takes place on 135 farms (4 681 farmers) with 
production agreements with the state for fattening (Provincial Commercial Swine Breeding Company, 
2017); however, this activity causes a great deal of environmental pollution (Barreto and González, 2008). 
Many production farms have inefficient systems for residual water treatment (Sosa et al., 2017), thus 
causing a negative impact on the environment (Barreto and González, 2008; Méndez et al., 2009; Wakia 
et al., 2018). As a result of their contribution with organic matter, nitrogen, and phosphorus, new means 
and methods are required for treatment and less aggressive disposal into the environment (Ye, Song, 
Wang and Zhu, 2016); (Wakia et al., 2018). 
An estimate of the contaminants pumped into the environment by these facilities may be known thanks 
to evaluation of the characteristics of the animal population, management, treatment, and disposal of liq-
uid wastes (Barreto and González, 2008). (Méndez et al. 2009). Several indicators were used in this re-
search to determine the volume and characteristics of the residual water disposed of by five farms in the 
province of Camagüey. 
DEVELOPMENT 
Qualitative evaluation of residual treatment systems was performed on five production farms in the mu-
nicipality of Camagüey, by means of inspections and interviews, in terms of cleaning procedure, nutrition, 
and frequency. Then pollution was estimated based on the indicators referred to by Barreto and González 
(2008), in kg·d-1·AE-1; 0.66 COD1, 0.33 BOD2, 0.6 TSS3, 0.05 Nt
4, and 0.013 Pt
5. Flow was determined by 
assuming consumption of AE6 of 50 L at the beginning and 100 at the end.  
To evaluate the systems installed for residual water treatment and determination of the quality of water 
dumped into the environment or run through the watershed, the removal efficiency from septic tanks was 
assumed at 30% (Ministry of Economic Development, 2000; Madera, Silva and Peña, 2011); and 60% 
from ponds (Ministry of Economic Development, 2000; Díaz, 2010). 
Statistical processing was done by descriptive statistics (average values and standard deviation), using 
STATGRAPHICS XVI.II. 
Overall, farmers have residual evacuation systems. On all the farms, except for the Viera Agreement, af-
ter cleaning, the residuals without solid separation run through open ditches from the houses into the solid 
                                                   
1 Chemical oxygen demand. 
2 Biochemical oxygen demand. 
3 Total suspended solids. 
4 Total nitrogen. 
5 Total phosphorus. 
6Animals equivalent to 100 kg live weight. 
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separation tanks, and then to water ponds dug in the ground or in natural depressions without waterproof-
ing. Instead of a septic tank, the Vieras have an anaerobic digester with a fixed top, “Asian type”. No pond 
overflows, so the residues may filter into to the water table, except for La Yaba farm tank (flowing 
through a banana plantation), and the Viera (flowing to open ground and into a basin where residues ac-
cumulate, and upstream past a dirt road by the homes. 
The water consumption estimates per farmer at the beginning and end of the cycle are expressed in m3·d-
17, as follows: La Majagua (0.35-8.5), “El Gran Mil” (1.05-28.5), Los Manguitos (0.21-6), Los Viera 
(5.31-79.05), and La Yaba Farm (0.31-5.05). In all the cases studied, the number of animals per farmer 
varied between 50 and 850 on each farm. The average weight in kg·AE-1 was 4-106 at the beginning ( X = 
29) and 50-791 at the end ( X =254); therefore, the flow generated was determined by AE at the end of the 
cycle (5 m3·d-1 at 79.05 m3·d-1( X =25 m3·d-1)). 
The characteristics estimated were given in mg·L-1: COD 739.2 in Majagua and Gran Mil; 2 772 in 
Manguito; 4 620 in Viera; and 1 846 in La Yaba. The respective BOD per farmer was 370 for the first 
two; and 1 386, 2 310, and 923 for the rest. The TSS content was 480 for the first two, and 1 500, 3 000 
and 1 199 for the rest. The Nt content was 500 for all, except for La Yaba, with 499. Pt was 131 for Maja-
gua and La Yaba; and 130 for the rest. The above proves that the residues disposed of were beyond the top 
limits (NC, 2012), due to multiple reasons. On one hand, the treatment systems do not have the phases 
needed to meet such requisites. On the other, the existing facilities do not usually meet the requirements 
for proper operation (Ministry of Economic Development, 2000). Several construction issues have been 
detected in the ponds, such as poor waterproofing conditions, which cause pollution of the water table by 
infiltration (Méndez et al. 2009).  
The treatment systems in Majagua and Gran Mill were the most efficient ones, and were complete. They 
enjoy primary treatment and two serial anaerobial ponds. Manguitos and La Yaba have only one anaerobi-
al pond each. Manguitos is in clear disadvantage in terms of efficiency, since the retention time is less 
than 5 days, though there are reports that 45-70% BOD5 can be reduced in 2 days (Alamancos Sáez and 
Llorens, 1993). Although the Vieras are the only ones that produce and use biogas from residues, they also 
generate the highest pollution, because treatment is only performed through a digester whose COD and 
BOD removal should be 50-70% (Barreto, 2008). The effluent causes an unpleasant smell around the 
neighboring homes, and it creates a favorable substrate for fly development. Additionally, it pollutes the 
nearby wells, and contributes to the emission of greenhouse gases. 
CONCLUSIONS 
The facilities built to treat residuals are insufficient and their exploitation is inadequate. 
The disposal of liquid wastes from swine farms have contaminating concentrations exceeding the agreed 
volumes (NC: 27, 2012), and may potentially pollute soils, and surface and ground waters. 
REFERENCES 
ALAMANCOS, J.; SÁEZ, J. Y LLORENS, M. (1993). Sistemas de lagunaje. (I) Diseño de lagunas anaerobias (pp. 169-
171). En Ingeniería Química. La Habana, Cuba: Ed. Félix Varela. 
BARRETO-TORRELLA, S. (2008). Para una correcta selección y explotación de digestores anaerobios. Revista de 
Producción Animal, 20 (2), 102-109. 
BARRETO-TORRELLA, S. Y GONZÁLEZ HERNÁNDEZ, C. (2008). Valoración de indicadores para determinar la carga 
contaminante de centros porcinos, producción de residuales y su aprovechamiento. Revista de Producción Ani-
mal, 20 (1), 11-13. 
DÍAZ BETANCOURT, R. (2010). Tratamiento de aguas y aguas residuales (2 ed.). La Habana, Cuba: Ed. Félix Varela. 
EMPRESA PROVINCIAL PORCINA (2017). Monitoreo de Residuales de la Empresa Provincial Porcina. Anexo I. Con-
venio de prestación de servicios de consultoría, Camagüey, Cuba. 
MADERA, C. A.; SILVA, J. P. y PEÑA, M. R. (2011). Sistemas combinados para el tratamiento de aguas residuales ba-
sados en tanque séptico-filtro anaerobio y humedales subsuperficiales. Ingeniería y Competitividad, 7 (2), 5-10.  
                                                   
7The first of the values between parentheses 
Sarah I. Barreto and H. Valera 
J o u r n a l  o f  A n i m a l  P r o d u c t i o n ,  3 1  ( 1 ) ,  2 0 1 9  
MÉNDEZ NOVELO, R.; CASTILLO BORGES, E.; VÁZQUEZ BORGES, E.; BRICEÑO PÉREZ, O.; CORONADO PERAZA, V.; 
PAT CANUL, R. et al. (2009). Estimación del potencial contaminante de las granjas porcinas y avícolas del estado 
de Yucatán. Ingeniería, 13 (2), 13-21. 
MINISTERIO DE DESARROLLO ECONÓMICO (2000). Reglamento técnico del sector de agua potable y saneamiento bá-
sico (sección II, título B, p. 150). En Tratamiento de aguas residuales. Bogotá, Colombia: Dirección de Agua Po-
table y Saneamiento Básico. Retrieved on April 29, 2018, from 
http://www.minvivienda.gov.co/Documents/ViceministerioAgua/010710_ras_titulo_e_.pdf. 
NC. (octubre de 2012). 27:2012. Vertimiento de las aguas residuales a las aguas terrestres y al alcantarillado-
Especificaciones (segunda, p. 14). La Habana, Cuba: Ed. O. N. Normalización. 
PCC (2016). Conceptualización del modelo económico y social cubano de desarrollo socialista. Retrieved on 
January 4, 2017, from http://www.granma.cu/file/pdf/gaceta/Copia%20para%20el%20Sitio%20Web.pdf. 
SOSA, R.; DÍAZ, Y.; CRUZ, M.; DE LA FUENTE, J.; DOMÍNGUEZ, P., CABRERA, I. et al. (2017). Programa de 
implementación de biodigestores como sistemas de tratamiento de aguas residuales y la obtención de energía, 
biogás y fertilizante orgánico en la producción porcina cubana. Revista Computadorizada de Producción 
Porcina, 24 (1), 58-68. 
WAKIA, M.; YASUDAA, T.; FUKUMOTOA, Y.; BÉLINEB, F. y MAGRÍ, A. (2018). Treatment of Swine Wastewater in 
Continuous Activated Sludge Systems Under Different Dissolved Oxygen Conditions: Reactor Operation and 
Evaluation using Modelling. Bioresource Technology, 25 (1), 574-582. 
YE, J.; SONG, Z.; WANG, L. y ZHU, J. (2016). Metagenomic Analysis of Microbiota Structure Evolution in Phytore-
mediation of a Swine Lagoon Wastewater. Bioresource technology, 21 (1), 439-444. 
.
 
Received: 9-10-2018 
Accepted: 9-16-2018 
 
 
